The analysis of chlorophyll fluorescence transients is very informative approach for evaluation of the physiological state of the photosynthetic machinery of higher plants. Tsimilli-Mishael and Strasser (2008) proposed a system (JIP-test) using the fluorescence transients for calculation of values of energy flows and yields at different stages of the photosynthetic process. 
Introduction
The evaluation of behaviour of the living systems in stress conditions requires application of experimental methods that analyse the physiological state of the organisms without disturbing their integrity. Photosynthesis is the most sensitive to the changes in environmental conditions process (9) and often is used as an informative indicator of whole plant states. During the last decade as the most perspective methods for in vivo and in situ monitoring of photosynthetic process emerged prompt and delayed chlorophyll fluorescence (2, 5, 13) that is native emission of plants and provide on line information for photosynthetic reactions on molecular level. Strasser and co-authors (10, 13) developed an approach for analysis of the chlorophyll a fluorescence transients (JIP-test) to obtain the quantitative information about energetic flows and photosynthesis effectiveness. Another very useful approach for quantification of the luminescence data supposes a kinetic description of photosynthetic reactions and comparison of the model data with the experimental curves (1, 3, 5, 6) . In this paper two kinetic models of photosynthetic electron transfer in both photosystems are constructed for simulation of the changes in chlorophyll fluorescence dynamics during dark to light adaptation of photosynthetic machinery. Using specially developed for numerical analysis of the mathematical models software, Modelyzer (1), the parameters of the model were fitted to the experimental data from fluorescence transients in barley leaves (wild type and Chlorina f2 mutant with diminished PS II antennae size), the control ones and those, treated with photosystem II herbicide, 
Materials and methods

Results and Discussion
Model of fluorescence transients Photoinduced chlorophyll fluorescence grows during the first one second of illumination by actinic light and passes three characteristic steps denoted as OJIP. A phenomenological model (JIP-test) that describes fluorescence transients was developed by Strasser and coworkers (10, 13) to determine a set of important quantitative photosyntetic parameters. Using the values of some characteristic points of OJIP curve the energetic fluxes (ABS -absorbed energy flux; TR 0 -trapped in PSII reaction energy; ET 0 -electron flux from Q A -to quinone acceptor pool between the photosystems; RE 0 -electron flux to PSI acceptors) and the effectiveness of energy transformation at different stages of photosynthetic process (ϕ Po -yield of the primary photochemical reaction in PSII; ψ 0 -yield of the electron transfer trough PSII and PSI (δ 0 ) acceptors) can be calculated. In addition to the information obtained by JIP-test, the values of the rate constants of the electron transport reactions between electron carriers can be provided by dynamic mathematical models. We constructed a model that describes photosynthetic reactions influencing the chlorophyll fluorescence yield and determining the shape of the fluorescence curve during the transition from dark to light-adopted state. The model includes components as follows: P 680 , P 700 -photochemically active chlorophylls of PSII and PSI reaction centers; Z, Q Aelectron carriers in donor and acceptor side of PSII; PQ, PCplastoquinone and plastocyanine carriers. A linear photoinduced electron transfer is presented model in the followed scheme ( Fig. 1 The electron carriers PQ, PC and P 700 are independent components of the electron transfer chain and their redox reactions were described with second order equations. PS II electron carriers function as a complex ZP 680 O A , and should be analyzed as a separate unit and electron transport (8) -as a transition between different redox states according to the scheme ( Fig. 2) : In the model the relative concentrations of redox states of the complex are evaluated. The total concentration of reaction centers is accepted equal to 1. Keeping in mind that the sum of all states is constant, i.e. 
Here variables x 1 -x 7 are partial concentrations of PS II reaction center in different redox states as denoted in Fig. 2 .
The rest reactions can be described by 3 differential equations including second order terms:
Here k 3 is a function of the oxidized plastoquinone (PQ) molecules concentration:
, and k pq is bimolecular rate constant of PQ reduction by PS II acceptors.
The intensity of the variable part of the chlorophyll fluorescence is determined by the presence of primary quinine acceptor Q A in reduced state in PS II reaction centers that contain non oxidized form of primary donor (P 680 ). These complexes are ZPQ A -and Z + PQ A -, and their relative concentrations are x 4 and x 5 , correspondingly. Calculating the fluorescence intensity, the possibility of energy migration between antennae complexes of closed and opened photosystems should be kept in mind. That is why the variable connectivity (Conn) is introduced as a function of the relative concentration of highly fluorescent (closed) reaction centers (B). This variable is dependent on parameters grouping or connectivity introduced by (4, 11) and reflects the probability for excitation energy transfer between the antennae of several PS II units (p 2G ) (12) The model parameters are fitted to chlorophyll fluorescence transients for barley leaves in wild type plants and in Chlorina f2 mutants (Fig. 3A) . The averaged relative fitting error was calculated by formulae: Some of the model parameters are compared with the values of calculated JIP-test parameters (see Table 1 4 . Results of the fitting procedure for the parameters of the mathematical model including QB in addition to reactions described in Fig. 1 . Experimental conditions as in Fig. 3 .
